[[alternative]]Studies on Electron Field Properties of Ultra-Nano-Crystalline Diamond(UNCD) Films(II) by 林諭男
行政院國家科學委員會專題研究計畫 期中進度報告
 
超奈米微晶鑽石(UNCD)薄膜之場發射特性研究(2/3) 
期中進度報告(精簡版) 
 
 
 
計 畫 類 別 ：個別型 
計 畫 編 號 ： NSC 94-2112-M-032-005- 
執 行 期 間 ： 94年 08 月 01 日至 95年 07 月 31 日 
執 行 單 位 ：淡江大學物理學系 
  
計 畫主持人：林諭男 
  
  
  
  
報 告 附 件 ：出席國際會議研究心得報告及發表論文 
 
  
處 理 方 式 ：本計畫可公開查詢 
 
 
 
中 華 民 國   96年 02 月 15 日 
 
 1
?????????????????(2/3) 
NSC 94-2112-M-032-005 
 
??? 
??????? 
 
  ??????????????????????????????????????????????
????????????????????????????????????????????????
????????????????????????????????????????????????
??????????????????????????????????????????????UNCD
?????????????????????????????????????????结??????? 
 
????????????????????????? 
 
1.?? 
    ?????????????????????
???????????????????????
???????????????????????
???????????????????????
??? 
    ??????????????(MCD)????
??????(UNCD)??????????????
?????????????UNCD?MCD???
???????????????????????
MCD???????????????????
UNCD?????????????? 
    ????MCD??????????????
??????????????????(BEN)??
???????????????????????
???????????????????????
?????????????????????
[1,2]?????????????????????
???????????????????????
???????????????????????
???????????????????????
??????? 
    ?????????????????????
???(precarburization)?????????????
????????????????????
[3,4,5]???? UNCD?????????????
???????????????????????
???????????????????????
?????????????????Y. Chakk??
???????????????[6,7,8.9]????
???????????????????????
?????MCD????????????????
???????????AFM??????????
???????????????????????
UNCD ???? 
    ?????????????????????
???????????????????????
???????????????????????
???????????????? UNCD????
???? 
 
2.???? 
    ???????????? N-type Si(100)?
?????????????????????? 
(1) ???????????????0.2 g???
?(0.1µm)?20 g???????????????
????????30??????????????
??????? 
(2)??????????????????????
??? 400 nm????????????0.2 g??
??(0.1µm)?20 g??????????????
?????????30?????????????
???????? 
(3) ???????????????0.1 g???
?(0.1µm)?0.1 g???(0.1µm)?20 g?????
??????????????????30????
????????????????? 
    ???????????????? Iplas??
???????????(MPECVD)???????
?????????????? 1200 W??????
Ar? CH4?????? 99? 1 sccm???? 120 torr?
???????????? 
 
???????????? 
???? ????
?? 
?????
????? 
????
?? 
??? ? 400 nm Ti ? 
????
? 
????
?? 
?????
? 
????
??? 
???
(min) 
0, 10, 20, 
30, 960 
0, 10, 20, 30, 
480 
0, 10, 20, 
30, 480 
 
    ??????X??????????????
??????????( JEOL JSM-6500F )?????
???????????????ESCA(PHI 1600)
??????????SIMS (Cameca IMS.4f)???
???????????????? 325 nm????
???????????????????? 
 
3?????? 
 2
    ?????????????????????
??????????? UNCD?????????
?? UNCD??? X?????????????
????? 
 
?? ????????????????? UNCD
??? X????? (a) Ti/Si?UNCD/Ti/Si (b) 
UNCD/Si?????? 
 
    ???(a)?????????????????
??X????????????????????
UNCD????????????????????
?? TiC?????????? UNCD??????
????? Si?????????????????
?????????????? X????????
???? 
    ???(b)?????????????????
???? UNCD??????? X???????
??????????? UNCD???????? X
????????????? 
    ?????????????????????
????????? UNCD???????????
UNCD??? SIMS??????????????
???? 
 
 
?? ????????????????? UNCD
??? SIMS??????? (a) Ti/Si?UNCD/Ti/Si 
(b) UNCD/Si?????? 
 
    ???(a)??????? UNCD???????
????? UNCD???????????????
???????????????????????
??????????????????????
???????????????????????
???????????????????? X??
???????????????????????
??? TiC?????????? 700??????? 
? TiC????????????????????
??0.47 g/cm3????????????????
???????????????????????
???? X??????????????????
???????????????????????
?????????? 
    ???(b)?????????????????
???????????????????????
???????????????? 16????
UNCD?????? SEM????(??)?????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
????? UNCD???????????????
???????? 
 
 
?? ????????????????? 16??  
UNCD????? 
 
    ????????ESCA C(1s)????????
???????????????????????
??? Ti-C ???????? C-C ???(??
(a))?????????????????????
???????????????????????
???????????????????????
???????????????Si-C? C-C ???
????????30??????????????
?????? 
 
 
??  ?????????UNCD ????ESCA C(1s)
??(a) ??????????(b) ?????? 
 
    ?????????????????????
???????????????????????
???????????????SIMS??????
???????????????????????
???????????????????????
???????????????????????
 3
??????????? 
    ?????????????????????
????(??(a))?C ?????????? Ti-C
??? C-C??? Ti-C ???????C-C????
?????????????????30?????
??Si-C? C-C?????????????SEM(?
?(b))??????30???UNCD ???????
???????????????????????
??????????????????????
???????????????????????
???? C-C?????????????????
????????????Si-C?????????
???????????????? 
 
 
?? ????UNCD30??(a) ?????????
(b) ?????? 
 
    ????????? 30???????????
???????????????????????
???????????????????????
???????????????????????
????????????????????? 
    ?????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
?????? 
    ?????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
??????????????????? 
    ???(a)?????????????????
??????????????????? 30???
???????????????????????
?????????????(b)???? ESCA?? 
C(1s)????????????? C-C???? Si-C
???????????????????????
??? 
 
 
?? ??????????????(a)?? 30??
?? UNCD SEM??(b)???????? ESCA 
C(1s)?? 
 
    ?????????????????????
????? 480????????????????
?? SEM??????????????????
???????????????????????
?????????????????? 
 
 
?? ??????????? 480???? UNCD 
SEM??(a) ??????????(b)??????
? 
 
    ?????????????????????
???????????????????????
??????????????????????
?????? ESCA??????????????
???????????????????????
??????????????????? ESCA?
???????????????????????
? ESCA?????????????? SIMS??
???????????????????????
???? 47.9 a.m.u.??????????????
???????????????????????
??????????????????????? 
    ????? 325 nm? UV Raman??????
???????????????????????
???????????? UNCD????????
??????? 1160 cm-1?????? sp2?结?
G-band (1580 cm-1)????? D-band (1350 cm-1)??
?? sp3???? 1332 cm-1???????????
????????????? 1332 cm-1??????
???????????????????????
???????????????????????
?结?????????? 
 
 
 4
 
?? ?????????? ESCA???(a) ???
???????(b)???????(??? SIMS?
??????????) 
 
    
 
?? ???????????? UNCD?????
?? UV Raman(325 nm)????(a)?????? (b)
??????????(c)??????? 
 
4??? 
    ???????????????????
SEM??? ESCA???????????????
???????????????????????
???????????????????????
??????????? SIMS??????? X?
???????????????????????
???????????????????????
???????? 
    ?????????????????????
???????????????????????
???????????? SEM? ESCA????
???????????????????????
?????????????? SEM??????
???????????????????????
?? SIMS??????????????????
???????????????????????
?????????????????? 
    ?????????????????????
???????????????结???????
??? 
 
5? ???? 
1. S. T. Lee, H. Y. Peng, X. T. Zhou, N. Wang, C. S. 
Lee, I. Bello, Y. Lifshitz, Science 287, 104-105, 
(2000) 
2. Lee, Yen-Chih; Lin, Su-Jien; Pradhan, Debabrata; 
Lin, I-Nan, Diamond and Related Materials 15, 
353-356(2006). 
3.  S. D. Wolter, B. R. Stoner, J. T. Glass, P. J. Ellis, D. 
S. Buhaenko, C. E. Jenkin, and P. Southworth, Appl. 
Phys. Lett. 62, 1215-1217 (1993)  
4.  D. Michau, B. Tanguy, G. Demazeau, M. Coizi, R. 
Cavagnat, Diamond and Related Materials 2, 
19-23(1993). 
5.  D.M. Bhusari, J.R. Yang, T.Y. Wang, K.H. Chen, 
S.T. Lin, L.C. Chen, Materials Letter 36, 279-283 
(1998). 
6.  Y. Chakk, R. Brener, and A. Hoffman, Appl. Phys. 
Lett. 66(21), 2819-2821(1995). 
7.  R. Shima, Y. Chakk, A. Hoffman, Carbon 38, 
1839-1843(2000). 
8.  R. Shima, Y. Chakk, A. Hoffman, Diamond and 
Related Materials 5, 286- (1996). 
9.  R. Shima, Y. Chakk, A. Hoffman, Diamond and 
Related Materials 6(5-7), 681- (1997). 
 
 
 
 1
 
 
 
???????????/???? 
(Applied Diamond Conference)?? 
???? 
 
 
 
 
???:??? 
 
?? :2005? 5? 14?? 5? 19? 
 
?? :Argonne National Laboratory, 
(Chicago, USA) 
:  
 
 
 
 
 
 2
 
?  ? ??? ???? 2005.05.15~2005.05.19 
???? ???????/?????? 
 ???8th International Conference on Application of Diamond 
and Related Material/ 1st Nano Carbon Joint Conference 
????? 
5/13 (?) PM 19:50?????? BR 0018??? 5/13(?)PM 15:55???
????????????? Red Roof Inn????? 
5/14 (?) AM 10:03?????? AA 1486??? PM 16:05??????
??????????????? Argonne National Laboratory 
(ANL)?????????? ANL? Guest House? 
5/15 (?) ?????????????????????????? ANL
?????PM 1:00?????Workshop????? ANL???
????????????????????????????
???????????????? proposal?????????
????????????????????????????
????????????????????????????
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????????????????????????????
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????????????????????????????
?????????????????????????? 
5/16 (?) ??? 4? Oral section?????? 
I. Application/Devices: General;  
II. Defects and Doping;  
III. Application/Devices?MEMS;  
IV. Mechanical, Tribology, and Protective Applications? 
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????????????????????????????
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VI. Application/Devices: Vacuum Electronics, Electron Emission, 
and Electronics;  
VII. Application/Devices: Sensors, Surface Properties;  
VIII. Synthesis, Production and Scale-up? 
????????????????????????????
????????????????????????????
????????????????????????????
????????????????????????????
????????????????????????????
????????????????????????????
?????????????? 
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????????????????????????????
????(Banquet)????????????????????
????????????????????????????
????????????????????????????
????????????????????????????
????????????????????????????
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5/19 (?) ??????????? 4? Oral Section???? 
XII. Electrochemistry;  
XIII. Theory and Modeling;  
XIV. Business Models and Development;  
XV. HPHT Synthesis, Treatments, Gems, and Application? 
????????????????????????????
Section??????????????????? PM 2:54??
???? AA 1835?????????????????? 
??????????????????????????Oral??? 
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2. Y.K. Liu, P.L. Tso, I.N. Lin, Y. Tzeng, and Y.F. Chen “Comparative study of 
nucleation processes for the growth of nanocrystalline diamond” 
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3. Ying-Chieh Chen, Chia-Yun Chen, Nyan-Hwa Tai, Yen-Chih Lee, Su-Jien Lin 
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grown on the porous anodic alumina template”. 
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Granular structure on the electron field emission properties of 
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5. Cheng-Hsien Chou, Yung-Chen Lin, Jin-Hua Huang,Nyan Hwa Tai, and I-Nan 
Lin; “Growth of high quality AlN on diamond using Ti buffer layer”. 
6. Cheng-Hsien Chou, Yen-Chih Lee, Jin-Hua Huang, Su-Jien Lin and I-Nan Lin; 
“High frequency surface acoustic wave device fabricated by using 
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I-Nan Lin; “Effect of nucleation methods On characteristics of low 
temperature deposited ultrananocrystalline diamond”. 
 
 
 
 
 
 
 5
????????????????????????????????
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??Puerto Rico ??????S. Gupta ???Appl. Phys. Lett., Vol. 81, No. 2, 8 July 200 
2???”Electrical conductivity studies of chemical vapor deposited 
sulfur-incorporated nanocomposite carbon thin films”?????? HFCVD??
??? 900°C??? H2S??????? carbon thin films? D-band?? G-band
????????????????????? 500ppm???????????
?? 150Ωcm-1???? 
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?? carbon thin films?????? 
 
??Puerto Rico?????? S. Gupta ??? Appl. Phys. Lett., Vol. 83, No. 3, 21 July 
2003?????” Room-temperature electrical conductivity studies of 
sulfur-modified microcrystalline diamond thin films”????? HFCVD??
micro-crystallinity??????????? H2S??????????????
???????????????? 200ppm?????????? 1Ωcm-1??
?? n-type?????? H2S???? 500ppm??????????????
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“MICRO-AND NANO-CRYSTALLINE DIAMOND FILM SYNTHESIS 
ATSUBSTRATE TEMPERATURES SUB 400°C”?? 2%CH4?? 500ppm? H2S
? HFCVD?? 400°C-500°C????????????????????Mo?
?? glass??????????? Raman???? carbon thin 
filmsJmicro-DiamondJnano-Diamond?????????????? S????
Puerto Rico???????????????????????????? 
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?? ?????????????? Raman???? 
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??Wisconsin-Madison???????? Guoqing Ning? Argonne National Laboratory
? Orlando Auciello? John A. Carlisle?????”FABRICATION OF 
ULTRANANOCRYSTALLINE DIAMOND ATOMIC FORCE MICROSCOPE 
PROBES”?????????????????????? AFM???????
UNCD?????????????????????????????????
???????????????????????? nanometer???????
? AFM????????????????????????????????
?????????????? 
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??Argonne National Lab? O. Auciello??????”MATERIALS SCIENCE AND 
PROCESSING STRATEGIES FOR INTEGRATION OF PIEZOELECTRIC AND 
ULTRANANOCRYSTALLINE DIAMOND (UNCD) THIN FILMS FOR 
PIEZOACTUATED HYBRID MEMS” ?? Ti/Al? buffer layer?? UNCD??
????????????????? PZT????????????????
??????????????UNCD??? PIEZOACTUATED HYBRID MEMS
????? 
 
 
?? UNCD?????????????????? 
 
?????????? F. Bénédic???????” NANOCRYSTALLINE DIAMOND 
FILMS FOR SURFACE ACOUSTIC WAVE DEVICES”????? khNCD≥4??
?????????????????? 9500m/s????kt2??? 1.4%???
???? IDT/AlN/NCD/Si??????????? 
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?????Morinobu Endo?????” MASS PRODUCTION, SELECTIVE 
FORMATION, AND APPLICATIONS OF CARBON NANOTUBES”??????
???(DWNTs)? thermal? chemical???? SWNTs???????????
???????? DWNTs????Mo/Al2O3???????? conditioning 
catalyst???? Fe/MgO?????????????? DWNTs????(a) (b)
? DWNTs? bundle?(c)????????? 
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Pradhan Debabrata 
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ICNDST-10 (The 10th International Conference on New Diamond 
Science and Technology) was held in AIST, Tsukuba, Japan on May 11 – 14, 
2005. ICNDST is a bi-annual conference normally held in Japan. Now onwards 
ICNDST will be held every year in different countries of the world as opposed 
to the past ICNDSTs that were held every other year in Japan. This is one of the 
major conferences in the area of diamond and related carbon materials. 
ICNDST generally focuses on diamond, nano-diamond, diamond-like carbon, 
amorphous carbon thin films, B-N-C compounds, and selected topics of carbon 
nanotube that overlap the above-mentioned materials: for instance, synthesis, 
characterization, field emission and other applications. The main topic of 
ICNDST-10 was growth; processing; material characterization; opto-electronic 
properties; device applications; mechanical and thermal properties, 
electrochemical and biochemical properties and the application orientated work 
of diamond and other carbonaceous materials. This four days conference had 19 
oral sessions. Each session was devoted to a particular topic of research viz. 
synthesis or characterizations or applications of various types of carbon 
materials. There were about 20 invited lectures on various topics of carbon 
materials by internationally renowned scientists and academicians. All of the 
sessions were started with an invited lecture and most of these invited speakers 
had spoken on the current research work carried out in their laboratory and 
latest their findings. In addition to invited lectures, there were around 60 oral 
presentations and 170 posters presentation by different research groups around 
the world. More than 200 participants had attended this international conference 
(ICNDST), which points out the popularity of this conference. 
Conference is the first platform to present the latest research carried out 
in laboratories and it gives fast recognition in the scientific community. It also 
shows new horizon of research by interaction with other researchers of different 
background and knowing more about their work. Our group has been working 
on the growth, characterizations and applications (particularly field emission) of 
nano-crystalline diamond (NCD) thin films in the last few years. As ICNDST 
mostly emphasizes on the diamond-related materials, it was an excellent 
opportunity for us to attend this conference. We had chosen to attend this 
conference for presenting our own results and to get up-to-date information on 
the research mostly centered in diamond area by other groups. I have presented 
two papers entitled “Effect of surface treatment on the electron filed emission 
property of nano-diamond films” (P6-3, Page-198 of conference Abstract book) 
and “Structural and electrical properties of nanocrystalline diamond heavily 
doped by nitrogen” (P6-4, Page-199). Full manuscripts of these two works has 
been submitted to get published in the journal “Diamond and related Materials” 
after peer review process. The above-mentioned two works I have presented in 
ICNDST was well appreciated by eminent researchers. They had given few 
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suggestions on our work to achieve better results and to carry more work. It was 
indeed very much encouraging for me to discuss personally with many 
distinguished professors and scientists and know their direct opinion about our 
work and get useful advice from them. 
This time ICNDST-10 had given more emphasis on the electrochemical 
properties and the bio application of diamond in addition to the most recent hot 
topic, superconductivity of diamond. So there was more number of presentations 
based on these particular areas of diamond research. Till date, electrochemical 
application of diamond has not been studied to great detail. The main obstacle 
of using diamond as an electrode is its non-conducting behavior. However, by 
introducing sp2 carbon into the diamond matrix or by heavy doping of boron or 
nitrogen, diamond film can be made conducting and thereby can be used as an 
electrode in the electrochemical studies. CVD diamond coated electrodes can be 
used in detection of several toxic gases, pollution control by oxidation of 
organic compounds into CO2 at diamond surface in treatment of waste effluent 
from industries, bio sensors etc. The main attraction of using synthesized 
diamond films as an electrode over platinum metal is principally due to its low 
cost and high stability. Inert nature of diamond is widely known and it is stable 
in very toxic and acidic chemical too. There is no other competent material, 
which shows a large non-reacting electro chemical window as diamond. So 
many studies can be performed in that wide range of potential window available 
in diamond electrode. My previous background on the electrochemistry and my 
experiences in studying electrochemical properties of amorphous carbon 
materials helped me to gain more detailed knowledge on this topic. The 
electrochemical study of nano-crystalline diamond thin film is presently in its 
primitive stage and has promising area of research in near future. Therefore, 
ultra-nanocrystalline diamond (which we grow in our laboratory) that has large 
number of grain boundaries containing conducting carbon can be used for 
electrochemical studies. Bio-application of diamond materials was another 
promising research area chosen by conference program committee. CVD 
diamond coatings are extremely biocompatible and hence diamond film coated 
bio implants are expected to result in improved performance. ICNDST-10 had 
few interesting talk on the application of diamond as a biomaterials. However, 
without prior basic knowledge of biology, it was little hard for me to understand 
the bio application of diamond.   
Another main area of research covered in the conference was electron 
field emission from different carbon materials. By virtue of the negative 
electronic affinity of diamond, they are very good materials for field emission 
applications like flat panel displays. Unlike liquid crystal displays, diamond 
cold cathode emission displays would have high brightness, have a large 
viewing angle, and most importantly, have the ability to be scaled up to large 
dimensions. Field emission remains a hot topic of diamond research since the 
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negative electron affinity of diamond surface was found out. However, after the 
discovery of carbon nanotube (CNT), it has generated much hype to use CNT as 
filed emitter because of its higher field enhancement factor, smaller nano size 
tip and metallic nature. A lower turn-on voltage is normally obtained from 
CNTs with higher emission current density. One group presented that metal 
content (metal is used as catalyst to grow CNT) taken in the CNT synthesis 
greatly influences the FE properties of CNTs (Poster P6-12, Kumar et. al., 
Page-207 of Abstract book). With increase in metal content (up to an optimum 
quantity), there is an increase in electron emission along with decrease in the 
turn-on-voltage. A similar kind of study can be carried out in our laboratory. 
We can coat silicon surface by different metal like (Fe, Ni, Co) and then 
pre-treatment of the metal-coated silicon surface by conventional 
ultrasonication method using diamond powder to create nucleation center prior 
to UNCD deposition. The resulting product may be mixture of CNT and 
nano-diamond or composites of these two valuable materials. The effect of 
metal (lowering of turn-on-voltage and increase of emission current) may be 
observed in new materials synthesized by above method. Also, composites of 
CNT and nano-diamond may show better field emission due to their selective 
properties (negative electron affinity in case of diamond; high field 
enhancement factor and good conducting nature of CNT) of both materials.  
There were few oral presentations, which were directly relevant to the 
materials (i.e. nanocrystalline diamond film) grown in our laboratory. To name 
few of such works presented in ICNDST were sulfur doped nanocrystalline 
diamond (NCD) films for thermionic emitters and their role in energy 
conversion, lateral field emission diode of nanodiamond, aggregated diamond 
nanorods and optical, electrical and electro chemical properties of boron doped 
nanocrystalline diamond films. Most commonly, boron and nitrogen is used for 
doping. Recent work on sulfur doping and application of sulfur doped NCD 
film is an interesting research topic. In addition to few oral presentations on 
NCD work, there were many poster presentations on the area of nano-crystalline 
diamond thin films.  
ICNDST was a most inspiring international conference that I ever 
attended and it was a great experience to listen many highly intellectual talks by 
eminent researchers of the world. The conference was thought provoking and 
many of the discussions questions-answers sessions were brainstorming. 
Personal interactions and discussions with other researchers open up the new 
possibility to meliorate my present research work and to start some new 
domains of research, which can be conducted in our laboratory. In overall the 
conference was very much fruitful and much informative for me. The ideas, 
information obtained and knowledge gained from the conference can certainly 
be utilized in our on-going research and I expect to obtain better results out of it.  
